Due to environmental concerns, power system generation is shifting from traditional fossil-fuel resources to renewable energy such as wind, solar and geothermal. Some of these technologies are very location specific while others require high upfront costs. Photovoltaic (PV) generation has become the rising star of this pack, thanks to its versatility. It can be implemented with very little upfront costs, e.g., small solar home systems, or large solar power plants can be developed to generate MWs of power. In contrast with wind or tidal generation, PV can be deployed all around the globe, albeit with varying potentials. These merits have made PV the renewable energy technology with highest installed capacity around the globe. However, PV penetration into the grid comes with its drawbacks. The inverter-interfaced nature of the PV systems significantly impacts the power system operation from protection, power flow and stability perspectives. There must be strategies to mitigate these negative impacts so that PV penetration into the grid can continue. This paper gives a thorough overview of such strategies from different research fields: such as communication, artificial intelligence, power electronics and electric vehicle charging coordination. In addition, possible research directions are given for future work.
Introduction
Increased demand in the grid necessitates development of new strategies for power generation. Preferably, clean energy sources are utilized to mitigate the environmental effects of fossil fuels. Renewable energy resources (RES) like wind and photovoltaic (PV) are substantially used for power generation as an alternative to the conventional ones. Carbon footprint of power generation is reduced as a result [1] . Installation of PV systems has significantly increased increase in the global market, making it one of the major sources of power generation [2] . In the current global scenario, PV has a greater installed capacity than any other RES such as hydro and wind [3] . Figure 1 shows the cumulative installed PV capacity in the world for the period of 2012-2018. PV modules have become the most common distributed energy resources (DER) at household level since other DERs like wind, geothermal, biogas are location-specific. The availability of PV panels and its financial reachability has encouraged household installations that can electrify rural areas like in sub-Sahara regions of Africa [4, 5] . PV, on the other hand, can be installed at every household to meet the energy demand of the house and sell excess energy to the grid when more energy is available. Such use of PV modules at residential level can reduce the power bills of the owner and also support the grid with local generation. Accordingly, it is one of the fastest growing RES-based generation technologies [6] . In addition, their energy independence [7] . To increase the adoption of RES, incentives like reduction in taxes, pay back schemes, feed in tariffs and subsidized capital costs for installments are encouraged globally [8] [9] [10] [11] [12] . Furthermore, countries are largely concentrating to reducing the greenhouse gases (GHG) emissions by setting Targets such as EU 2020 [13] . However, there is a major drawback with PV systems as they are time dependent and maximum generation occurs at noon, which does not coincide with the peak demand hours. The transition from excess energy with little load to little generation with heavy load creates a peculiar profile called the duck curve [14] . Optimal and coordinated operation of the alternate sources with thermal generation, wind or storage systems is significantly needed for balancing the load [15] . Coordinated operation between different DERs, bulk thermal generation and loads require bi-directional communication.
With the introduction of information and communication technologies (ICT) for monitoring and controlling has evolved the legacy power system as smart grid [16] . A smart grid is an electrical power network integrated with different types and scales of generation sources along with ICT for enhanced monitoring and control. Smart grids considerably improve the efficiency, reduce energy consumption and cost, and maximize the transparency and reliability of the power network.
As the demand is low during day when there are ample solar resources available, generation cannot be absorbed or utilized by the grid. In order to mitigate the adverse impacts of excessive PVbased generation, the output is curtailed [17] [18] [19] [20] . There has been substantial research work on the impacts of the integration of renewable resources into distribution networks [21] [22] [23] .
Several techniques for harnessing the maximum PV power has been identified through maximum power point tracking (MPPT) algorithms [24] . Advanced tracking techniques with Artificial Neural Networks (ANN) [25] and Adaptive Neuro Fuzzy Inference System (ANFIS) [26] based controllers have been developed for increased generation from PV modules [27] . Furthermore, the maximum capacity of DERs that can be hosted in the grid, also known as Feeder Hosting Capacity (FHC) has been studies [28] . For increasing the hosting levels novel measures using passive harmonic filtering and probabilistic approach are determined in literature [29, 30] . Damping of sub synchronous resonance has also been studied using high penetration of PV power [31] . However, increased level of PV penetration in the distribution networks resulted in rise of power quality issues like voltage variations and reversal of power flow direction in the network [20, 32] . Several concerns related to power system stability such as oscillatory instability, small signal stability issues have severely impacted high levels of PV penetrations [33] [34] [35] . These anomalies directly impact network equipment like load tap changers (LTCs), line voltage regulators (LVRs) and voltage-controlled capacitor banks, as they operate frequently to maintain the feeder voltages. Hence, higher levels of PV penetration shorten system life cycle shortens and increase maintenance costs [22] .
To overcome these issues, research has focused on novel techniques for mitigating the impacts of high PV penetration [36] . These techniques vary from coordinating between voltage and frequency controllers to developing novel schemes for integrating Electric Vehicles (EVs) to increase PV However, there is a major drawback with PV systems as they are time dependent and maximum generation occurs at noon, which does not coincide with the peak demand hours. The transition from excess energy with little load to little generation with heavy load creates a peculiar profile called the duck curve [14] . Optimal and coordinated operation of the alternate sources with thermal generation, wind or storage systems is significantly needed for balancing the load [15] . Coordinated operation between different DERs, bulk thermal generation and loads require bi-directional communication.
As the demand is low during day when there are ample solar resources available, generation cannot be absorbed or utilized by the grid. In order to mitigate the adverse impacts of excessive PV-based generation, the output is curtailed [17] [18] [19] [20] . There has been substantial research work on the impacts of the integration of renewable resources into distribution networks [21] [22] [23] .
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To overcome these issues, research has focused on novel techniques for mitigating the impacts of high PV penetration [36] . These techniques vary from coordinating between voltage and frequency controllers to developing novel schemes for integrating Electric Vehicles (EVs) to increase PV generation amount. This paper presents a comprehensive review of such strategies. The rest of the paper is organized as follows: Section 2 presents different strategies to increase PV penetration levels in smart grids. Section 3 presents a review of different PV integration strategies in conjunction with EVs. After reviewing the state of the literature, Section 4 provides a discussion and gives future research directions for researchers working in this field. Finally, Section 5 draws the conclusions.
Strategies for Increasing PV Penetration Level in Smart Grids
There are different definitions for the term 'PV penetration' in the literature [37] [38] [39] [40] . PV penetration is defined as the ratio PV generation to total energy generation. Various works in literature suggest that the challenges and effects of PV penetration become evident when it reaches beyond 15% [41] . This section focuses on review of different strategies for achieving high penetration of PV generation in the smart grids. Some studies on DC grid and DC microgrids for increasing PV penetration have been reported in the literature [42] [43] [44] . However, DC grids are limited to small islands or standalone systems whereas majority of studies focus on integrating PV generation to existing AC grids, both at transmission and distribution level. Hence, this paper focuses on PV penetration strategies for AC grids.
There are different works that focus on different aspects of this field. For instance, some researchers focused on increasing the PV hosting capacity at roof tops. Authors in [45] developed a software that can overcome the traditional way of PV planning for rooftop systems which attracts more costs. Solar forecasting one of most important component for economical roof top PV planning [46, 47] . This [45] automated system can decrease the cost of PV planning installations [48] , and assist the urban/suburban regions to end the energy crisis and aid the economic development [49] . Similarly, in [50] authors developed high-resolution geospatial assessment of roof top PV potential in European Union using satellite-based and statistical data sources with machine learning algorithms. Hence, this strategy validates the high PV generation by increasing the PV hosting capacity at the rooftops. This work is especially noteworthy as it targets increase of PV deployments in both ongrid and offgrid applications. While some researchers focused on control approaches, others investigated different system topologies, demand management techniques as well as the development of new equipment such as smart inverters. Coordinated control of system equipment like LVRs, SVCs, OLTCs in combination with hybrid energy storage is also implemented. Some stated novel approaches for increasing PV capture, e.g., integration of PV generation planning with EV charging. Some of these novel approaches involve optimization techniques such as swarm optimization for estimation generation and load in a more accurate fashion.
Voltage Control Strategies for Increasing PV Penetration Level

Upgraded Voltage Control Strategy
Akagi et al. [51] has proposed a comprehensive approach to determine the appropriate voltage control method for upgrades based on the limit of penetration rate. The process involves upgrading scalar line drop compensation (LDC) to Vector LDC/centralized Control method and then to on-line tap changer (OLTC). In addition, the former is upgraded by installing Static Var Compensator (SVC) or
Step Voltage Regulator (SVR) at the certain locations of the network.
Authors had evaluated the strategy by performing numerical simulations. In addition to that a series of experiments are conducted with an active network simulator with energy resources software (ANSWER) [52] to validate the strategy. ANSWER was used to model the experimental distribution system of a residential area, the model created is of an actual 6.6 kV distribution system which was scaled down to 200 volts. Among the conventional voltage control methods of OLTC by using scalar LDC method, tap position is changed to maintain the calculated voltage of the reference point V ref in the limits of dead band (DB) that can be obtained from Equation (1) using the secondary side voltage of OLTC, |V sec |, the current passing through OLTC, |I|, and the line resistance and reactance, R ref and X ref , respectively. The deviation Dev(t) of voltage can be calculated as shown in Equation (2) . when the reference voltage deviates from the dead band, the voltage deviation quantity Dev(t) gets integrated and becomes zero when the reference voltage is within the dead band. Where DB up and DB low are the upper and lower margins of DB and t step was set to 60 sec for numerical simulations. The tap position is controlled based on Equation (2) that if the deviation Dev is more than the lower tap position of OLTC, then the tap position is raised, while if the Dev is less, the tap is lowered to new position. In the Vector LDC method, the calculation of reference voltage point as in Equation (3) is more accurate as it considers the dynamic changes in the power factor of the system, which was fixed in scalar LDC. The vector LDC technique offers a more precise calculation, since the calculation of the vector takes dynamic changes in power factor.
In centralized control method, the distribution voltage reference is kept within the permissible range using the voltage measured at the switches. The tap changing of the OLTC and SVR is modeled as shown in Equation (4) . It can be observed that it uses the maximum and minimum limits of the measured voltage V min and V max as well as the limits of dead band V TC up and VT C low . The tap position is altered when deviation changes beyond the limits of dead band according to (4) . Upgrading the former by connecting the SVC, it delivers reactive power to maintain the voltage profile at the interconnection of lines to be within permissible limits of the dead band region. SVC output reactive power is based on the Proportional Integral (PI) control.
This upgrade of voltage control method follows the selection of the control parameters to obtain the limit of PV penetration rate. Initially scalar control method is altered to vector LDC method for upgradation, the parameters for vector LDC method are defined as follows, at first the control parameters are calculated for scalar LDC according to Equation (1) using load current without PV systems. Secondly, the conventional control parameters are revised to avoid voltage deviation in the event of increased penetration of PV which results in alterations of voltage levels in scalar LDC method. The control parameters of the scalar and vector LDC methods are determined as in Equation (5) such that the sum of the deviations is minimized. In Equation (5), V dev is voltage deviation, V tar is the target voltage and the parameters N date is number of simulation dates, N node is number of nodes, T is the length of simulation time and T step is simulation time step of 60s. The optimal value of V dev is 0, which represents no voltage deviation.
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For performance evaluation of the voltage control method, numerical simulations are performed as per the desired settings. In the study, six types of PV profiles and two types of load profiles are used. These are provided by New Energy and Industrial Technology Development Organization (NEDO) [53] . Under certain features and period of time reference with seasons, the PV penetration rate is increased at a rate of 5% increments starting from zero for the all control methods up to 100% penetration limit.
The results obtained show that the OLTC control with scalar LDC have managed to increase the PV penetration limit to 40% only, whereas on upgrade to vector LDC the penetration limit has increased to 55% and the deviation is surpassed. On the other hand, simulation results with SVC and SVR shows that the penetration rate is increased to 95-100%. SVR increased penetration rate more than that of SVC and is selected as most suitable method for high PV penetration rate. In addition to that it can prevent voltage deviations for 30 min on average. In contrast, SVC increases penetration rate by preventing instantaneous voltage deviations. Further work may be required to achieve an optimum mix between SVR and SVC for instantaneous and average voltage deviation control.
Economical Distributed Voltage Control Strategy
Authors in [54] have drawn attention towards the control strategy for the high penetration of PV generation in low voltage networks. This method aims to keep the bus voltage within permissible limits and uses Battery Energy Storage System (BESS) to recharge during high power generation conditions instead of curtailment. When BESS is fully charged, the method switches to reactive power compensation. Traditional control methods [51] have been adopted for the high penetration of PV power into the grids but the SVCs and OLTCs are often exposed to high stress causing degradation and reduction in lifetime [55] . Incorporating the BESS in low-voltage networks is found to be a promising solution against the over voltages and address these issues.
The control scheme involves management of the network voltages under the designated limits. The controllers are installed at the nodes where the PV modules are deployed. One of the advantages of this strategy is that there is no possibility of failure as it is adhered to centralized control scheme, and it does not depend on local measurements other than voltages at the nodes of PV. The distribution control algorithm developed in [54] is as shown in Figure 2 . Under normal operation of the scheme when PV generation is less than power demand P dem (P pv < P dem ), then measured voltage V meas at the PV terminals is below the set voltage limit V lim (V meas < V lim ). Hence no action is required. In the second case, if P pv > P dem which may cause (V meas ≥ V lim ) then the controller action instructs BESS to charge with the excess power generated by PV. In this case, controllers are switched into two conditions. First, when the PV generation is more than the P batt and P dem , then PV curtailment algorithm is run to determine the amount to mitigate the over voltage issue. In the second condition, if the BESS system is fully charged and still overvoltage exists, reactive power operation is done to improve the power quality of the network. The PV inverters supply ancillary service such as reactive power management based on the inverters rated apparent power.
The performance of the scheme is evaluated with simulation works. The algorithm is designed in MATLAB and the network system is developed in open source distribution network system tools (OpenDSS). Simulations for different cases were tested on certain demand data and period for a single feeder distribution system. The controller actions for the different cases in [54] concluded that scheme successfully keeps the voltages in prescribed limits by mitigating the over voltages. The operation of BESS systems at critical nodes had achieved a greater reliability than the BESS installments at the all the nodes, this makes the control strategy more economical.
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Coordinated Control Strategies to Increase PV Penetration Level
Optimal Coordination Strategy
An optimal coordination strategy is proposed in [56] where LTCs, switched shunt capacitors (SCs), step voltage regulators (StVRs) and Energy storage devices (ESDs) are managed and coordinated for ensuring high PV penetration, voltage regulation and power loss minimization. In [56] authors developed an algorithm, shown in Figure 3 , to identify the settings for the operation of LTCs, SCs, SVRs and dispatch rate of Energy storage from ESDs. In this scheme voltage regulation problem is formulated as there is a large impact of intermittent RES connected to the network, which are sources of voltage irregularities. VAR devices are connected at the point of common coupling of RES including ESDs to minimize the overall losses and regulating the voltage profile under the prescribed limits. If the former fails, then optimal scheduling of LTCs, SCs and ESDs are modelled as a multi period optimization problem.
All the parameters of the devices used are constituted at the distribution network operator (DNO) where all the operations and the maintenance of all the configurations of the connected devices and the limits range are recorded. All this data is used as input to the GA, the optimization process initiated by the randomly populating functions with their individual solutions called chromosomes. Each chromosome is assigned with a fitness function evaluating the cost. Chromosomes with higher costs are not processed and can be used in next generation data through elitism. The small subset of chromosomes is picked up from mating pool. These form a parent which are of low cost. Which is said to be as tournament selection process. These parents are then processed /paired and recombined using genetic operators like cross over and mutation for the production of next generation offspring. This cycle is repeated for number of generations [62] . When the generated offspring are not in constraints, penalty function is introduced to weigh out the solutions by increasing their fitness function [63] . A fitness function is a sum of voltage deviations in the network and loss in active energy of the system as shown in Equation (6). Where Vi,t is voltage of bus i at time LTCs are mechanical equipment that prevents voltage changes due to any temporary voltage fluctuations. However, rapid fluctuations of voltages due to integrated intermittent RES may not be mitigated by LTCs due to time delay [57] . Capacitors are also used to maintain the voltage profile by providing reactive support to the network [58] , ESDs provide fast frequency response, short term power reserve reducing the peak demand of the utility and supporting the load growth in the future [59] [60] [61] . There are significant anomalies in the individual operation of the said devices, although, optimal coordination strategy developed by genetic algorithm has provided a robust and reliable operation with high PV penetration in the grid by mitigating the voltage and other stability issues.
In this scheme voltage regulation problem is formulated as there is a large impact of intermittent RES connected to the network, which are sources of voltage irregularities. VAR devices are connected at the point of common coupling of RES including ESDs to minimize the overall losses and regulating the voltage profile under the prescribed limits. If the former fails, then optimal scheduling of LTCs, SCs and ESDs are modelled as a multi period optimization problem.
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Individual fitness of the population can be calculated using the Equation (6). All parameters of LTCs tap positions, SVR tap steps, State of charge of ESDs, status of charge in SCs are taken as input to the GA constitutes the population for the algorithm. The genetic algorithm framework solves for the solution of best optimal settings of the LTCs, SCs, SVRs control switches. For the controlled coordination the control flowchart is as shown in Figure 3 . The control strategy is defined as in no peak load period, the tap changers operate when a voltage rise happens. Then a centralized controller updates the information to SOC controller through coordination signal which results in EDS controller initiates the of charging of batteries in ESDs to decrease the stress at transformer due to reverse power flow. In peak load hours the coordination controller updates the EDS controller to discharge the battery to compensate the grid peak load. The control variable 'Flag' is used as an indicator for any difference in voltage. If any changes happen the transformer regulates the bus I voltage to be in limit. Hence through this coordination control is fulfilled.
This solution is evaluated on IEEE 123 bus feeder system, the efficacy of the coordinated control strategy is tested and examined under various operating conditions and test scenarios. Results obtained from five test scenarios suggested that the VAR control devices reduce the system losses and boost the system capability for voltage regulation. The capacitors influence the reactive power flow compensation, the voltage drops and the integration of ESDs warrants the voltage profile improvement in night hours and the recorded voltage deviation is lowered. This, in turn, eases the high penetration of PV power into the grid.
Coordinated Hybrid Energy Storage Control Strategy
The work in [64] focuses on coordinated operation of Hybrid Energy Storage System (HESS) that can improve the utilization rate of PV for increased penetration. A particle swarm optimization (PSO) algorithm has been implemented. The coordinated control strategy involves sliding average control time windows for optimizing particles. PSO has many advantages over other conventional optimization techniques as it is more reliable and can enhance the stability of the system, it has quick tracking record of maximum power point in PV [65] . It is enhanced to multi objective PSO for efficient energy management in smart grids as in [66] . The PSO technique is applied to multivariable functions that have many local points inspired by observations on natural social behavior of bird flocking and fish schooling [67] . Sticking to its flocking analogy, PSO models several birds, also called particles, that form a flock (swarm). Each particle has its own fitness function with a velocity to determine its Energies 2020, 13, 636 8 of 28 distance direction for information exchange by search processes. Authors reviewed the strategy for different time resolutions such as 1 min and 1 h. HESS utilizes supercapacitor for quick response and high-power density also used to smoothen the short term fluctuation in PV [68] . In addition to that it used lithium ion battery (LiB) for higher energy density [69] .
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Individual fitness of the population can be calculated using the Equation (6). All parameters of LTCs tap positions, SVR tap steps, State of charge of ESDs, status of charge in SCs are taken as input to the GA constitutes the population for the algorithm. The genetic algorithm framework solves for the solution of best optimal settings of the LTCs, SCs, SVRs control switches. For the controlled coordination the control flowchart is as shown in Figure 3 . The control strategy is defined as in no peak load period, the tap changers operate when a voltage rise happens. Then a centralized controller updates the information to SOC controller through coordination signal which results in EDS controller initiates the of charging of batteries in ESDs to decrease the stress at transformer due to reverse power flow. In peak load hours the coordination controller updates the EDS controller to The sliding average method is a mathematical model for selecting a fixed length window that takes all the particle values in a window as mean and average as the center of the window. If the time window equals to three then the reference center is Equation (7) .
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The average means are similar as the weights of points are same. It eases the calculation, but the time consumption is more for long windows. In order to accommodate it, the calculation of the next window is taken from new measured value leaving the previous one for smoothening the PV fluctuations. Hence, the improved sliding average becomes as Equation (8).
where N is time window length which represents the size of window, if the time window is long, the PV generating power is free from fluctuations and the size of SC is large, in contrary if the time window is small leads to PV power cannot maintain the grid standards.
The solution for the optimization problem through PSO is as follows.
Step 1: Define the PV predicted power and load demand with electricity price at time of use.
Step 2: Initialize Variable count in the objective function, i.e., dimension D, iteration count M and calculation precision N.
Step 3: Initialize the particle velocity and position and calculate the particle fitness based on fitness function.
Step 4: Assess fitness value of each particle with its extremes and update the current individuals if appropriate. Compare them with global value and update the current global extreme if needed.
Step 5: Update the location and velocity of each particle and update the extremes under constraints.
Step 6: Repeat step 4 and 5 until they are under constraint conditions.
Step 7: Determine whether the iteration count and error value meet the requirement, if not repeat step 7. Otherwise, the calculation is terminated, and result is obtained.
The algorithm is evaluated using simulation studies with different time scale windows. The results show that the developed strategy achieves 15 min of charge-discharge for LiB making use of the smoothing in different price periods. This improves the grid stability and increases the amount of PV capacity that can be accommodated.
Hierarchical Controls Selection Approach
The work in [70] discussed a coordinated hierarchal control of penetration of PV modules with mitigation of voltage peaks using STATCOM and BESS. Smart control systems such as PV with Voltage Source Inverter (VSI) that can also perform reactive power compensation have been utilized. The objective is to define the distribution network works as a voltage regulator, which on failure due to high voltages is controlled from STATCOM or BES devices. Ultimately, using smart VSI for regulating local parameters.
Different modes of operations are performed for the evaluation of the coordinated scheme before that modeling of the DERs and the LV network with STATCOM and BES as defined. The voltage rise is considered to occur as a result of the high PV generation with a low demand case, which resembles typical residential area characteristics during the daytime. Therefore, the first priority for the control selection is given to the condition of total PV generation (RP pv ) and the total load demand (RP demand ) monitoring. The developed selection algorithm in [70] is shown in Figure 4 .
The voltage rises issues at the farthest point (consumer levels) of distribution transformer are mitigated using this approach when PV penetration levels are increased. Economics are also justified for the coordinated approach are presented by authors that instead of installing dynamic compensators all along the testing locations only specific critical points are to be considered which enables the lower use of equipment and maintenance costs.
Enhanced Reactive Power Management for PV-Grid Interaction
PV modules not only act as source of real power generation to balance the demand, but also provide the ancillary services like reactive power injection [71] . Authors in [72] propose a new system configuration as shown in Figure 5 . For increased PV generation during high solar radiation periods, the switching operation of the Reactive Power Banks (RPB) is combined with the control strategy of the PV inverter to generate controlled reactive power over the generation period. Auxiliary converter is connected to overcome the transient issues that may arise due to incompatibility or maloperation of line and bank terminal voltages due to switching or faults [73] . The scheme has the following advantages:
1)
The strategy incorporates Static Synchronous Compensator (STATCOM) functionality through the PV inverter itself, it works in a dedicated fashion to provide ancillary service viz. reactive power compensation without increasing the power capacity. 2) Reactive power reserve can be enhanced up to 300% for the PV Inverter.
3) This enables complete controllable range of reactive power compensation despite using discrete banks for dedicated voltage regulation. 4) Dynamic behavior of the system is improved due to better controllability of reactive power ancillary service 5) Power system can be relieved with compensating reactive power support and its capability can be used for mitigating voltage drops and over voltages. This approach can be utilized for increasing PV penetration in both distribution and transmission systems.
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RPB AUX Converter
Performance evaluation of the scheme is performed with MATLAB-Simulink models by the authors. The performance of the VSC2-RBP configuration is studied from the inner current control and outer voltage control of VSC2. The d-q components of the output voltages prove that the inner current control loops are working without any deviation. The DC link of the VSC2 is stabilized through the reference value set by DC link of the VSC1. To synchronize the reactive bank voltages with the grid parameters the d-q components of the grid frequency are assigned as the reference to the VSC2 voltage control loop.
VSC2 gets activated when the Cp and Lp banks are supplying only the loss component which is the difference between the reactive values of Cp and Lp. This operation is explained from the state VSC 2 gets activated when the C p and L p banks are supplying only the loss component which is the difference between the reactive values of C p and L p . This operation is explained from the state diagram by the authors in [72] , enhancing the reactive power support by switching on/off at the required phases as per the state diagram.
Sensorless Power Reserve Control Strategy
Advanced active power control strategies are introduced to grid codes for increasing PV penetration levels [74, 75] . In [76] , a cost-effective solution is introduced to realize power reserve for two-stage grid-connected PV systems in addition to MPPT control for the estimation of available maximum power and constant power generation (CPG) control [77] to achieve the power reserve. A sensor-less module is developed, backdropping the solar irradiance and temperature measurements that are used in regular conventional methods.
The strategy is composed of two operational modes: MPPT and CPG, performing different -control objectives. MPPT's purpose is to estimate the available PV power for penetration when the PV arrays operate at the maximum power point, the available power P ave of the PV arrays is estimated from the measured PV output power P pv . With MPPT operation, the available power can continuously be recorded during operation similar to "Sample and Hold (S&H)" process in digital control. With a similar operation, the error between them can be easily estimated and reduced for the frequent change of sampling frequencies. The other mode CPG control is intended for the regulation of the PV output power to follow the reserve demand of power generated. Thanks to combined operation of these methods, the corresponding extracted PV power from the proposed strategy can be summarized Energies 2020, 13, 636 12 of 28 as Equation (9). The excess energy stored at the grid side, DC link, is controlled for reducing the fluctuations during the estimation process. P PV = P avai MPPT mode P limit = P avsi − ∆P i CPG mode (9)
PV Inverter and Smart Inverter Strategies
Smart Inverters (SI) can operate in all four quadrants of P-Q plane. Hence, capable of providing frequency and voltage support which conventional inverters cannot due to its constraints. With this capabilities SI can play an important role in increasing PV penetration in grids. Furthermore, the revised version of IEEE 1547a (2014) standard allows SI deployment for voltage regulation. In literature several works have been reported on using SI along with PV to mitigate the effect of PV intermittency and pave way for high PV penetration [78] [79] [80] . Further, the practical experiences of deploying SI-PV smart grid system and performance of PV topologies from different parts of the world such as in Japan [81, 82] , Taiwan [83] , Costa Rica [84] , Hawaii [85] , California [86] , have been reported. Further, studies on dynamic behavior of SI under different scenarios of PV penetration is reported in [87, 88] .
Microinverter Curtailment Strategy
Evolution of microinverters has gradually taken over the string inverters in residential as well as commercial applications due to its resiliency and increased energy harvesting. The work in [89] has presented a microinverter paralleled topology for curtailment applications in order to increase PV penetration without changing the grid infrastructure.
A microinverter is technically represented as a single source of generation unit apart from its PV module contributing the control and dispatch section of generated power source. This allows the part of PV array remains connected while the other regulates the voltage. This method can be called as a sequential, module level tripping. Generator tripping has been widely employed on the transmission as well as distribution levels which is recognized as most effective way of resolving transient stability and overloading issues [90] . In order to restrict unwanted fault currents and ensure reliable operation of circuit breaker sequential breaker tripping strategies are used in transmission/ distribution networks [91] . In most PV inverters, the trip function already exists as anti-islanding/overvoltage protection. Normally, a generator trip means an instant 100% loss of its generation, but module level tripping is a partial reduction in capacity which creates the opportunity for the implementation of curtailment applications. The operation of strategy involves decision and execution levels where decision to initiate the trip. While execution creates the sample and hold strategy for turning on/off the inverter. For gradual or partial cut off, the sequential mode of tripping was applied to each microinverter with a trip time delay. The tripping can be carried out by inverter restart with which increased energy output is obtained.
Enhancement of Solar Farm Connectivity with Smart PV Inverter PV-STATCOM
A smart PV inverter control which resembles a STATCOM is presented by authors in [92] . Instead of installing a physical STATCOM [93] . A PV inverter control is designed such that it can operate for controlling steady state voltages and temporary over/peak voltages (TOVs) resulting from network faults. Thus, reducing the costs by a huge margin, up to 50 times. This smart PV inverter operation ensures mitigation of problems raised due to high penetration ultimately increasing the hosting levels PV as well as feeders more than the limits of magnitude in same network conditions. Authors developed the test system in PSCAD for simulations which is replicated from a solar project of 10 MW in utility distribution network in Ontario, Canada. A STATCOM is installed to mitigate the over voltages caused due to reverse power flow at point of common coupling (PCC) [94] . However, authors have designed the smart PV inverter, i.e., PV-STATCOM controller which enables the similar functionalities that of the installed STATCOM. In addition, this novel methodology can support grid functionalities and enabling new revenue opportunities and enhanced solar farms connectivity [82, 95] .
The smart PV inverter controller design, given in [92] , consists of d-q frame with abc transformation blocks, PLL units extracting phases from PCC voltages, current controllers regulating the ac current component to a reference value, AC voltage controllers, DC controllers which regulates the DC link voltages to a reference value frame, temporary overvoltage (TOV) detectors and PWM units. While operating during daytime, the smart PV operates in only full PV mode generating PV power, partial STATCOM mode is activated when steady state over voltage control is required. When an unsymmetrical fault is encountered which causes TOVs, full STATCOM mode is enabled to mitigate it. In mode 1 and 2, MPPT based on increment-conductance scheme is employed to maximize generation [96] . While in full STATCOM mode the total real power generation is made zero by making the PV voltage to its open circuit voltage. The whole inverter is used to absorb reactive power to balance the phase voltages. When voltages are balanced, PV generation is enabled and control mode is changed to partial STATCOM mode. The control algorithm for selection of control modes is as shown in the Figure 6 . parked in the offices and utilizing the energy generated by PV installed in the office roof tops. While during the peak demand evening hours EVs supports the grid, which results in high revenues for the EV owners. This time of use tariffs contribute to grid stabilization in conjunction with EV that gets recharged in early hours with by PV and by assisting V2G in peak hours. Furthermore, this ensures that PV systems mounted on residential roofs not only can make a strategic contribution to alleviating urban distribution networks, when there is a strong correlation between loads and the accessibility of solar PV by shifting peak demand, but they can also supply all the energy demands of a number of EVs that are significantly greater than the amount of residential homes. For stabilizing the grid, a static power upper limit is defined, where the EVs dispatch power to the grid and at the same time avoiding power demands in excess of the upper limit. It is the case where EV owner is providing a service to the utility and the costs are estimated in the function of the DOD. However, as per the study the annual revenues are generated for 40% DOD are higher and these are limited to 75%, because of maximum power limit adopted by the grid connection. But the costs for additional hardware for V2G, price for energy recharging via G2V and battery degradation rises as the power limit is reached, this anticipates lower revenues which was explored by the authors Through this control methodology authors has demonstrated that in partial STATCOM mode the steady state over voltages are regulated to their reference values within one and half cycle. In full STATCOM mode the TOVs that occurred during action of single line to ground fault and line to line faults are mitigated within one cycle duration. This functionalities of PV-STATCOM ensure continuous operation of a fully functional STATCOM. Hence, this type of control can bring significant savings in utilities and can rise the hosting capacities of PV farms in the smart grids.
Strategies for Integration of PVs along with EVs in Smart Grid
In smart grid environment, EVs opens a new revenue generation opportunity by vehicle to grid (V2G) energy support as well as grid stabilization, which optimizes grid operation costs in demand constrained urban and sub urban areas that are affected with high electricity prices in peak demand periods. PV and V2G integration strategies for peak demand reduction were described by Drude et al., in [97] . The simulation study involved influence of V2G for the energy demand profiles and also delivered the possibility to calculate costs related to battery degradation in the function of depth of discharge (DOD) and energy costs. They have used real electricity demand data that was measured in urban residential area of city in Brazil. Authors had introduced the strategy for maximizing the profit in the light of the then new traffic regulations released by Brazilian electricity regulatory agency (ANEEL). For reducing the peak demand, a three-level tariff was established for residential users, i.e., peak interval price is 5× higher than off peak, 3x more than off peak for 1 h before and after the peak intervals. With integration of PV with EV in off peak load hours, i.e., when vehicles are parked in the offices and utilizing the energy generated by PV installed in the office roof tops. While during the peak demand evening hours EVs supports the grid, which results in high revenues for the EV owners. This time of use tariffs contribute to grid stabilization in conjunction with EV that gets recharged in early hours with by PV and by assisting V2G in peak hours. Furthermore, this ensures that PV systems mounted on residential roofs not only can make a strategic contribution to alleviating urban distribution networks, when there is a strong correlation between loads and the accessibility of solar PV by shifting peak demand, but they can also supply all the energy demands of a number of EVs that are significantly greater than the amount of residential homes.
For stabilizing the grid, a static power upper limit is defined, where the EVs dispatch power to the grid and at the same time avoiding power demands in excess of the upper limit. It is the case where EV owner is providing a service to the utility and the costs are estimated in the function of the DOD. However, as per the study the annual revenues are generated for 40% DOD are higher and these are limited to 75%, because of maximum power limit adopted by the grid connection. But the costs for additional hardware for V2G, price for energy recharging via G2V and battery degradation rises as the power limit is reached, this anticipates lower revenues which was explored by the authors that shows the drawback in the electricity pricing model. E. Taibi et al. in [98] defined certain functions and strategies leveraging flexibility from the EVs with integration of renewable sources: the Barbados case study. The first approach considered EVs as a static demand, where EV gets charged from grid under three scenarios i) uncontrolled charging (any time), ii) night charging, iii) day light charging (at parking lots using PV). In the second approach, EVs are considered for V2G service, a fleet of EVs were treated as single participant resembling a battery energy storage system (BESS) providing ancillary services. EV gets recharged when connected to the grid until its SOC is reached 70% or more, to ensure that it can be discharged after disconnection. Battery degradation depends on discharge rate, DOD and operation temperature. It involves charging and discharging comprising a cycle. Equation (10) gives the degradation cost of battery at time step t.
Degradation cost t = replacement cost t * capacity * ∆SOC N
where replacement cost is the new cost of battery that needs to be installed, capacity is maximum energy storage in MWh, ∆SOC is state of charge from one period to next period and N is cycle life of a battery. Based on the defined strategies authors in [98] observed the integration of EV with the RES sources connected utility system impacts on production costs, PV power curtailment under high penetrations, marginal costs and reduction in grid connected storage investments. Especially, for the scenario of EV charging using PV with V2G support during day time provides outmost performance with reduced costs and high revenue generation for EV owners. The results of case study defined that EVs can decrease the grid storage needs by 13% and the production costs for EV sharing are decreased while charging and discharging when marginal costs are lower and higher respectively.
Scenario-based Modelling of the Potential for Solar Energy Charging of EVs
The authors in [99] introduced a stochastic modelling for combined operation of EV and PV impacting the energy consumption on city scale. The methodology was evaluated by case study of two Scandinavian cities. The operational flowchart of the methodology is as shown in the Figure 7 . Solar yield is assessed by IEA PVPS task7 method, the total roof top area and total facades areas of buildings exposed to solar energy are estimated and location is determined. EVs mobility and their selection is modelled using Markov chain model [35] . It is a memoryless stochastic process where the specific current state depends on the previous state. The state of charge of the EV is estimated as in Equation (11) 
where E t is the state of charge in KWh of EV, Pc is the charging power, d is the driving distance (km) travelled in time step and η is th consumtion rate (KWh/km). The PV integration and EV penetration are studied in corresponding 10-100% range. The self-efficiency and self-consumption rate were determined for evaluation and compared for all different working patterns, the experimental values drawn for two weeks in winter and summer for two regions found that aggregated EV load can be covered by total solar generation except the case of winter, moreover it was found that for PV integration more than 50%, it can accommodate the charging of EV. However, the load match between the PV and EV charging differs, but it can has observed the EV charging reduces the peaks of PV yield. Impact of parallel operation of EV and PV on future generation portfolio was described by the authors in [100] . Two scenarios are considered for the study first one is by uncontrolled charging which start when EV reaches the charging station while second is controlled charging where power used to recharge EV is aligned with PV output. The future investments were assessed for both EV and PV operations. The costs related to uncertainty, overall operational costs and CO 2 emissions were also presented. The methodology implies a Monte Carlo generation portfolio modeling and EV modelling. Hourly PV generation over the annum and hourly charging profiles of EV are fed as input to MC modeling tool. It can incorporate key uncertainties that impacts adversely of overall generation costs. Furthermore, it provides results comprising of overall probability distribution of generation costs per year and CO 2 emissions for each generation portfolio. While for EV modelling, simulated charging patterns were obtained from case study of Australian state of New South Wales-household transport survey. Two cases, evaluation as residential and universal charging were considered to study the potential for EV charging demand under different infrastructures. Residential charging involves charging at parking lots in any residential zone, while universal relates to charging EV at any location like shopping, work and commercial infrastructures. For evaluation certain test cases like residential unmanaged charging, universal unmanaged charging and universal managed charging were simulated for PV and EV levels ranging from 0% to 20% and 20% to 50%, respectively. The simulation results defined the effectiveness of the PV synergies with EV, although EV charging increases the overall costs while emissions can be reduced using PV generation. study the potential for EV charging demand under different infrastructures. Residential charging involves charging at parking lots in any residential zone, while universal relates to charging EV at any location like shopping, work and commercial infrastructures. For evaluation certain test cases like residential unmanaged charging, universal unmanaged charging and universal managed charging were simulated for PV and EV levels ranging from 0% to 20% and 20% to 50%, respectively. The simulation results defined the effectiveness of the PV synergies with EV, al 
Multi-Objective Optimization Technique for Grid Tied PV Powered EV Charging Station
Hassan et al. in [101] has analyzed the optimization strategy for the grid tied PV-EV station. The methodology involves maximizing the revenues by coordinated operation of PV and EVs while minimizing the BESS capability, and it is achieved under the constraints of power fluctuations at point of common coupling (PCC) defined by the hosting utility grid. The station discharge operator (SDO) is the main player that ensures the operation of the scheme. The scheduling of the PV, EV and BESS patterns are formulated for multi objective optimization (MOO) problem and solved using Augmented ε-constrained 2 algorithm which is a popular due to its capability to generate exact solutions for MOO problems, the operation involves the MOO problem is converted to objective function and solved based on other objective constraints, moreover this method is repeated to all the objectives until whole problem is solved. Different cases were analyzed to evaluate the study, monte carol simulation (MCS) was used for realistic scenario. Authors found that, in the case of solving Figure 7 . Flowchart for scenario based solar energy charging of EV.
Hassan et al. in [101] has analyzed the optimization strategy for the grid tied PV-EV station. The methodology involves maximizing the revenues by coordinated operation of PV and EVs while minimizing the BESS capability, and it is achieved under the constraints of power fluctuations at point of common coupling (PCC) defined by the hosting utility grid. The station discharge operator (SDO) is the main player that ensures the operation of the scheme. The scheduling of the PV, EV and BESS patterns are formulated for multi objective optimization (MOO) problem and solved using Augmented ε-constrained 2 algorithm which is a popular due to its capability to generate exact solutions for MOO problems, the operation involves the MOO problem is converted to objective function and solved based on other objective constraints, moreover this method is repeated to all the objectives until whole problem is solved. Different cases were analyzed to evaluate the study, monte carol simulation (MCS) was used for realistic scenario. Authors found that, in the case of solving single objective optimal operation of whole strategy fails, while considering the MOO problem the strategy gives effective operation of generating more revenues worth decreasing BESS life capacity under power fluctuation constraints at PCC.
A similar MOO problem was discussed in [102] , with a standalone PV hydrogen retired EV battery (REVB) hybrid energy system. In [102] , authors modelled a REVB model with capacity fade (loss) for the simulation study a tri objective optimization problem was formulated based on reliability, cost and energy waste as objective functions and simulated for five-year operating period. Non-dominated sorting genetic algorithm (NEGA-II) was applied to generate solutions. The optimization strategy involved modelling of REVB, PV arrays and the inverters. The power management strategy ensures the power distribution among the power sources, storage devices and loads in their optimal ranges. The optimization scheme uses decision variables and objective functions and constraints of all the devices. The NEGA-II algorithm is a multi-objective kind of evolutionary algorithm based on pareto-optimal solutions. It uses fast sorting technique and an elitist optimization process providing very efficient procedure for sorting and preserving the diversity of the objective functions. The basic steps involve the following:
Step 1: Population based on predefined decision variables and number of populations is initialized.
Step 2: Initialized data is sorted based on non-denomination.
Step 3: Crowd data is calculated.
Step 4: An offspring population is created using binary tournament (BT) selection, recombination, mutation operators.
Step 5: From the first generation, following steps are performed for each new generation.
(a)
Mating pool was created by combining parent population and offspring population.
Combined population is sorted based on non-domination.
(c)
New parent is generated.
BT selection, recombination and mutation were performed on new parent population.
Step 6:
Step 5 is repeated till maximum iterations are met.
Step 7: A pareto set is generated.
In [102] , authors compared the results of the case with NEGA II algorithm with multi objective evolutionary algorithm (MOEA) based decomposition to solve a set of objectives through multi interictal single objective problems and found that solution sets using MOED converged and former gives solutions scattered with each other and with relatively larger gaps between each solution, which signs uniformity. Moreover, NSGA II performs better study regarding distribution of solutions and finding better results than the MOED algorithm.
A Novel Probabilistic Model for Coordinated EV Charging for Corelated EV and Grid Loads and PV Output:
Conventional approaches for coordinated EV charging did not consider mutual correlation which affects the system adversely increasing probability of voltage and current compliance (PVCN) and reduces the quality of service, overcoming this, authors in [103] stated a novel correlated approach for coordinated operation of time varying EV, PV and grid load models with reactive powers involved using correlated samples generation. The methodology involves two step probabilistic correlation model to generate correlated samples from previous uncorrelated samples of random variables that are involved in estimating EV loads, PV outputs and BES powers as shown in the Figure 8 . The first step comprises of estimating means, standard deviations and correlation matrix for the identified variables, while the second step involves generation of correlated samples. The PVCN obtained from the new correlated values on comparison gives reduction in PVCN which indicates the effectiveness and efficacy of the coordinated strategy. Moreover, the voltage unbalance is also reduced by optimizing EV charging rates in regards to node voltages and feeder currents. In [103] , based on the simulation results authors concluded that correlated based charging can improve the quality of service compared to existing methodology and further it can increase the energy harvest from PV panels while reducing the PVCN compared to deterministic charging.
Traube et al. focused on mitigating intermittent solar irradiance at short time scales by integrating energy storage using EV in PV systems [104] . The energy storage function is provided by plug-in hybrid EV (PHEV or EV) batteries via bidirectional dc-dc charge converters integrated into a conventional PV system that includes a high-voltage dc bus between the subcombiner and the inverter. A prototype model was demonstrated to evaluate the control and dc charger implementation techniques to obtain the objective. The operation involves, by exporting energy to the grid, the inverter regulates the dc bus voltage and controls the charger to sink or supply power to or from the battery of the vehicle. The charger draws off some of the PV current to charge the vehicle battery during high irradiance periods, thus placing no extra charge on the grid infrastructure. If a cloud moves over the array, the inverter controls the charger to reduce the current or even the source current from the battery to restrict the variation of the inverter power output. After the intermittent state, the charger ensures the EV battery to be charged at the same amount of time as that in a grid-connected charger case. In addition to that, the impact of transients/intermittency can be reduced by keeping the EV battery state of charge SOC to the minimum level.
The EV/PV charger concept is validated experimentally by authors using a prototype 10-kW 575-to-250-V bidirectional dc-dc charger was built in combination with a 10-kWh LiFePO4 EV battery installed in a Toyota Prius and a 100-kW Satcon Solstice inverter. The dc-dc charger based on a quasi-square-wave synchronous buck converter operates at 30 kHz. Laboratory experiments resulted that the dc-dc bidirectional charger with PI compensated average current control is capable of applying high-efficiency (up to 98 percent) filtering technique across a wide range of operating points. This ensures the charging of EV with clean and renewable energy source from vehicles perspective while in grid operator perspective, it provides reduced variable PV output leading to higher grid stability in case of high penetration through renewables. the quality of service compared to existing methodology and further it can increase the energy harvest from PV panels while reducing the PVCN compared to deterministic charging. Traube et al. focused on mitigating intermittent solar irradiance at short time scales by integrating energy storage using EV in PV systems [104] . The energy storage function is provided by plug-in hybrid EV (PHEV or EV) batteries via bidirectional dc-dc charge converters integrated into a conventional PV system that includes a high-voltage dc bus between the subcombiner and the inverter. A prototype model was demonstrated to evaluate the control and dc charger implementation techniques to obtain the objective. The operation involves, by exporting energy to the grid, the inverter regulates the dc bus voltage and controls the charger to sink or supply power to or from the battery of the vehicle. The charger draws off some of the PV current to charge the vehicle battery during high irradiance periods, thus placing no extra charge on the grid infrastructure. If a cloud moves over the array, the inverter controls the charger to reduce the current or even the source current from the battery to restrict the variation of the inverter power output. After the intermittent state, the charger ensures the EV battery to be charged at the same amount of time as that in a grid-connected charger case. In addition to that, the impact of transients/intermittency can be reduced by keeping the EV battery state of charge SOC to the minimum level. The EV/PV charger concept is validated experimentally by authors using a prototype 10-kW 575to-250-V bidirectional dc-dc charger was built in combination with a 10-kWh LiFePO4 EV battery installed in a Toyota Prius and a 100-kW Satcon Solstice inverter. The dc-dc charger based on a quasisquare-wave synchronous buck converter operates at 30 kHz. Laboratory experiments resulted that the dc-dc bidirectional charger with PI compensated average current control is capable of applying high-efficiency (up to 98 percent) filtering technique across a wide range of operating points. This ensures the charging of EV with clean and renewable energy source from vehicles perspective while in grid operator perspective, it provides reduced variable PV output leading to higher grid stability in case of high penetration through renewables. 
EV Charge-Discharge Management for Maximum PV Generation
As there is no high demand at peak generation period of PV power, grid cannot absorb, and generation gets limited by curtailment resulting in failure of usage of 100% PV. Authors in [105] used an effective way of capturing the curtailed energy and using it by transferring to peak load hours by EVs. The main advantage of EVs are the electric motors, that work more efficient than the combustion engines reducing the carbon emissions and can reach high torques in less periods [106] . In addition to that EV batteries, which are movable and can be operated at different locations and different times. The large storage capacity improves its reliability of operation. Making use of this criteria, solutions are developed that coordinate the charge-discharge operation of PV with generated power of local PV systems. This enables the more capture of PV power instead of curtailment and EVs can charge for less tariff alternatively generate more income through grid support via vehicle to grid (V2G). this method indirectly increases the PV penetration into the system. the communication architecture model has presented using IEC 61850 has presented for charge discharge management of EV. IEC 61850 is a communication standard for the new power systems by which interoperability and communication through exchange of messages from logical nodes (LNs) and logical devices (LDs) can be achieved [107] .
The framework for EV charge-discharge management has two components: house energy management system (HEMS) which controls EV and PV in the house, the other one is grid energy management system (GEMS) having its own controller and coordinates with the grid devices like OLTCs and control/protection components [108] . EMS controllers on controlled coordination exchanges information between HEMS and GEMS and change parameters which ever necessary. At first HEMS aims to use its generated power for household demand and then extra power is used to meet charge requirement of EVs or support the grid by selling it based on the price of energy to generate revenue. GEMS ensure grid to operate in safe and secure operation without and instability issues. for the incoming PV power grid lowers is operational costs which are higher due to conventional power plants. By the said operations, the aggregation of HEMS and GEMS can obtain larger benefits with coordinated operation and reduce the PV curtailment.
The coordination framework developed in [105] is as shown in Figure 9 . The interactions between the components achieve the controlled operation. This approach initially starts based on forecasting the PV power by local irradiance measurements and the demand of household from past utilized data. Based on that information exchange takes place between HEMS and GEMS. Grid controller identifies the location of over voltages due to power penetration of HEMS controller and send information to curtail power. Upon receiving information HEMS plans for charge discharge of EVs to avoid power curtailment and reduce the operational costs. This control can be possible with continuous information exchange between the components such as PV inverter, Smart meter and EV battery of HEMS. Table 1 presents the comparative summary of the different PV integration strategies in conjunction with EVs. EVs. The main advantage of EVs are the electric motors, that work more efficient than the combustion engines reducing the carbon emissions and can reach high torques in less periods [106] . In addition to that EV batteries, which are movable and can be operated at different locations and different times. The large storage capacity improves its reliability of operation. Making use of this criteria, solutions are developed that coordinate the charge-discharge operation of PV with generated power of local PV systems. This enables the more capture of PV power instead of curtailment and EVs can charge for less tariff alternatively generate more income through grid support via vehicle to grid (V2G). this method indirectly increases the PV penetration into the system. the communication architecture model has presented using IEC 61850 has presented for charge discharge management of EV. IEC 61850 is a communication standard for the new power systems by which interoperability and communication through exchange of messages from logical nodes (LNs) and logical devices (LDs) can be achieved [107] .
The coordination framework developed in [105] is as shown in Figure 9 . The interactions between the components achieve the controlled operation. This approach initially starts based on forecasting the PV power by local irradiance measurements and the demand of household from past utilized data. Based on that information exchange takes place between HEMS and GEMS. Grid controller identifies the location of over voltages due to power penetration of HEMS controller and send information to curtail power. Upon receiving information HEMS plans for charge discharge of EVs to avoid power curtailment and reduce the operational costs. This control can be possible with continuous information exchange between the components such as PV inverter, Smart meter and EV battery of HEMS. Table I presents the comparative summary of the different PV integration strategies in conjunction with EVs. 
Discussions and Future Research Directions
In the literature many strategies concerning to high penetration of PV power into the smart grids have been investigated. Table 2 gives the summary of different strategies studied. However, still there are certain knowledge gaps that need to be addressed.
In [109] , a semi Markov model for control of energy storage is proposed in the case of high penetration of PV power in utility grid as well as microgrids. This model exhibits wide range of applications like utilization of PV in small and large timescales, short term forecasting of PV power and stochastic scheduling in coordination with ESDs and other resources including ultra-capacitors. The effective use of ESDs can be obtained by predicting cloud intermittency variation at rooftops also using pyranometer [110] . A probability mass function (PMF) and cumulative distribution function (CDF) of PV generated energy are introduced. This yielded results that can solve the forecasting issues during absence of solar radiation, also predicting day ahead forecast of PV Power. However, the proposed method is applied in a standalone PV model with a network. This methodology can be further extended in future for multiple dispersed PVs, various whether conditions and seasons as well as for larger networks with PV installations in larger areas. In [111] , a coordinating strategy for virtual energy storage systems (VESS) is proposed for buildings with air conditioners in a LV network for voltage regulation. In this method, to mitigate the voltage issues with high PV penetration, authors utilized the thermostatic controlled loads (TCLs) with demand response programs (DRs) [112] . As air conditioners belong to the category of TCLs, they received much attention thanks to their fast responses with minimum end user disturbances [113, 114] . They are also energy hungry appliances in summer as per the Ausgrid investigation [115] . The thermal capacity of an air conditioner in household is seen a VESS. This dispatch strategy involves lower level local and upper level control where multiple VESS are aggregated to participate in demand response programs. While upper level control includes consensus-based aggregators control. Through this control active power consumption and curtailment is equally shared between the aggregators and maximize their revenues by participating in DRs. It also includes plug and play option which increases the reliability of the functionality. Authors performed the methodology on a small-scale network of residential complexes, while implementation in complex and large-scale networks is still a concern that need to be focused.
Conclusion
Environmental concerns and energy independence considerations led nations around to world to turn to clean energy resources such as solar and wind. However, these generation technologies have very unique topologies and alter the grid operation substantially. Low inertia, unknown fault behaviors and intermittent power output can be named as some examples. Nevertheless, the benefits of these clean energy resources are plenty and researchers have focused on developing strategies to mitigate their negative impacts on the power grid. This paper gives a thorough overview of such strategies that span a wide area of research, from power electronics applications to coordination schemes as well as novel use of certain power system equipment. Also, further research directions are provided as a pointer for future work. Researchers, policy-makers and practitioners active in the PV systems would find this information beneficial. 
